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In the case of the root, as in that of the stem, the portion that
is in the phase of formation grows slowly; at the end of the phase
of formation the rate of growth increases, and continues to increase
until the most rapid rate is reached during the phase of elongation ;
after this the rate of growth in length again decreases until, at the
end of the period of maturation, growth ceases altogether. Growth
is therefore most rapid not at the tip but slightly back of the tip
in the region of elongation.
In general the region of elongation is much longer in stems than
in roots. This is probably connected, in part at least, with the
fact that the air offers very little resistance to the growth of stems,
while the roots, in growing through the soil, meet with considerable
resistance. If the elongating region of a root, which is composed of
soft tissue, were of considerable length, the resistance offered to its
movement through the soil would cause it to crumple.
ABSORPTION OF MATERIALS
Root hairs. We have seen that one of the principal functions of
ordinary roots is to absorb water. It is therefore essential that they
should have a large surface for the performance of this function,
as the larger the absorbing surface the greater the rate of absorp-
tion. Enlargement of the surface is produced by the growth of
long, slender projections from the cells of the outermost layer, or
epidermis, of the root. These projections are called root hairs
(Fig. 221). Root hairs are not cut off from the epidermal cells but
are simply projections from them (Fig. 222). Most of the water
absorbed by the roots is taken in by these hairs. They contain a
lining of protoplasm within which is a large vacuole. As a root
hair is the most active part of an epidermal cell, the nucleus is
usually found in the root hair.
Since root hairs serve largely for the absorption of water, it is
not surprising to find that many of the plants that grow sub-
merged in water do not possess them.
Physical characteristics of the soil. In order to understand how
roots absorb substances from the soil it will be necessary to con-
sider the physical characteristics of the soil itself. The soil is made
up of small irregularly shaped particles of rock and decomposing
organic matter, with spaces between the particles. If the soil is